The molecular structure of (2E)-1,4-bis(4-chlorophenyl)but-2-ene-1,4-dione [C 16 H 10 (8) and 15.58 (11) for (1) and (2), respectively. In the crystal, molecules of (1) exhibit C-ClÁ Á ÁCl type I interactions, whereas molecules of (2) present CBrÁ Á ÁBr type II interactions. van der Waals-type interactions contribute to the packing of both molecules, and the packing reveals face-to-face ring stacking with similar interplanar distances of approximately 3.53 Å .
Chemical context The 1,4-enedione moiety [-C( O)-CH CH-(C O)-]
occurs in many natural and bioactive compounds, including steroids, antibiotics, and antitumor agents (Koft & Smith, 1982; Ismail et al., 1996; Connolly & Hill, 2010; Fouad et al., 2006; Yang et al., 2013) . Its multifunctionality and versatility make it an excellent building block for novel material syntheses. In certain molecules, the facile and reversible E/Z isomerization of the enedione groups enables them to perform as optical pH and fluorescent sensors (Li et al., 2017) . The title compounds (2E)-1,4-bis(4-chlorophenyl)but-2-ene-1,4-dione (1) and (2E)-1,4-bis(4-bromophenyl)but-2-ene-1,4-dione (2) exhibit two p-halogen phenyl rings, each bonded on opposite ends of the enedione group. We have synthesized these compounds in our laboratory as precursors to 4,4 0 -(furan-2,5-diyl)dibenzaldehyde cross-linkers. The reduction of the title compounds yields the saturated 1,4-diketones that, under Paal-Knorr reaction conditions, can undergo cyclization to produce the corresponding furans (Sauer et al., 2017) . The aryl halides can be subsequently replaced with formyl groups using the Bouveault aldehyde synthesis to generate the targeted 4,4 0 -(furan-2,5-diyl)dibenzaldehyde cross-linkers, which can be potentially used for non-toxic, isocyanate-free synthesis of polyurethanes. ISSN 2056-9890 
Structural commentary
The title compounds exhibit molecular structures typical of biphenyl enedione compounds (Rabinovich et al., 1970; Xu et al., 2013; Li et al., 2014) . Bond lengths and angles are in the usual ranges. Fig. 1 shows that the molecules sit on centers of inversion and that the enedione groups adopt a trans, near planar configuration [r.m.s deviations = 0.003 (1) and 0.011 (1) Å for (1) and (2), respectively]. In molecule (1), the carbonyl group is twisted slightly out of the chlorophenyl plane, as evidenced by the torsion angles C6-C1-C7-O1 [À15. 6 (3) ] and C2-C1-C7-O1 [163.9 (2) ]. Molecule (2) shows a similar conformation with torsion angles of 14.5 (4) and À164.7 (3) for the corresponding atoms of the inverted asymmetric unit (Àx + 1, Ày, Àz + 1). The chlorophenyl ring planes form a dihedral angle of 16.61 (8) with respect to the enedione plane (O1-C7-C8-C8 0 -C7 0 -O1 0 ) in (1), whereas the bromophenyl ring planes form a dihedral angle of 15.58 (11) relative to the enedione plane in (2). Both molecules exhibit a pair of short intramolecular HÁ Á ÁH contacts [(1): H2Á Á ÁH8 = H2 i Á Á ÁH8 i = 2.127 (2) Å ; symmetry code (i): Àx, 1 À y, 1 À z; and (2): H2Á Á ÁH8 = H2
ii Á Á ÁH8 ii = 2.113 (3) Å ; symmetry code: (ii) 1 À x, Ày, 1 À z], possibly resulting from steric compression of the large phenyl halogen groups. A best fit of all symmetry independent atoms of both molecules (see Fig. 2 ) yields an r.m.s. deviation of 0.05 Å .
Supramolecular features
Contacts between the O atoms and H atoms of adjacent molecules [O1Á Á ÁH3 i = 3.329 (2) Å ; symmetry code: (i) À1 + x, 1 + y, z] and between the Cl atoms and Cl atoms of adjacent molecules [Cl1Á Á ÁCl1 ii = 3.3841 (1) Å ; symmetry code: (ii) 2 À x, Ày, Àz] contribute to the intermolecular interactions of (1) (see Fig. 3 ). The short ClÁ Á ÁCl distances are approximately 0.3 Å shorter than double the Cl van der Waals radius of 3.64 Å (Alvarez, 2013) . The molecules feature type I, C wCl x Á Á ÁCl y -C z interactions, where 1 = angle C w -Cl x Á Á ÁCl y , 2 = angle Cl x Á Á ÁCl y -C z , and | 1 À 2 | = 0 ( 1 = 2 , approximately 157 ) (see Fig. 4 ), suggesting that the Cl atoms minimize repulsion by interfacing the neutral regions of their electrostatic potential surfaces (Desiraju & Parthasarathy, 1989; Mukherjee & Desiraju, 2014) . Unlike (1), (2) Superimposition of structure (1) (green) onto the inverted structure of (2) (red). Only the asymmetric unit of (1) is presented for clarity.
Figure 1
Molecular conformation and atom-numbering scheme of (1) (top) and (2) (bottom). The non-labeled atoms are generated by symmetry operation (Àx, 1 À y, 1 À z) for (1) and (1 À x, Ày,1 À z) for (2). Non-hydrogen atoms are shown as 50% probability displacement ellipsoids. Tothadi et al., 2013; Nuzzo et al., 2017) . The chlorophenyl rings (1) are stacked in close proximity along the vicinity of the a axis with an interplanar separation of 3.528 Å [centroid-tocentroid distance = 3.946 (1) Å ] (see Figs. 4 and 5) . Similarly, the bromo phenyl rings of (2) (2011) . The compounds trans-1,2-diphenylethylene (3) (Xu et al., 2013; CCDC 918566, BZOYEY01) and cis-1,2-dichlorobenzoylethylene (4) (Rabinovich et al., 1970 ; CCDC 112151, CBOZET) merit discussion because the former has a similar structure to the title compounds, whereas the latter is a stereoisomer of (1). The title compounds adopt an E configuration, similar to (3). They contain halogen atoms in the para position of the phenyl groups, unlike (3), but the rings are nearly planar as are those of (3), whose r.m.s value = 0.008 Å . The r.m.s. value, reflecting the planarity of the enedione moiety, in (1) is different to that of (3) (0.003 vs 0.0035 Å ), and the value determined for (2) (0.011 Å ). The dihedral angles between the ring planes of (1) and (2) are nearly identical to those of (3) [16 (average) vs 15.7 (1) ]. Unlike (1), its diastereomer (4) does not exhibit a planar enedione moiety and its near planar chlorophenyl rings (r.m.s deviation = 0.018 Å ) form a dihedral angle of 77.4 (3) with respect to each other. Superimposition of atom C1 of the E/Z diastereomers through the C7, Cl1, and O1 atoms yields an r.m.s. deviation of 0.033 Å . The remaining parts of the molecules are twisted from each other, with the planes containing the chlorophenyl group and adjoining carbonyl group of each stereoisomer forming a dihedral angle of approximately 79 .
Synthesis and crystallization
The title compounds were synthesized following a modified literature procedure (Sauer et al., 2017 Molecular conformations of (1) and (2) viewed along the b and c axes, respectively, showing type I and II halogen interactions, centroid-tocentroid distances, and short intramolecular HÁ Á ÁH interactions.
Figure 5
Crystal packing of (2) Crystal packing of (1) along the vicinity of the a axis. Dashed lines depictrun 'neat' with chloro-or bromobenzene used in excess and serving also as the reaction solvent. Under a stream of nitrogen, aluminum chloride (3.6 g, 27 mmol, 2.9 equiv.) was dissolved in chloro-or bromobenzene (9.0 and 9.3 ml, respectively, 89 mmol, 9.6 equiv.) at room temperature. The reaction mixture was subsequently cooled to 273 K and fumaryl chloride (1.0 ml, 9.3 mmol, 1.0 equiv.) was added dropwise under constant stirring, at which point an instantaneous color change from clear to deep red was observed. The reaction mixture was then heated to 333 K for 2-4 days until fumaryl chloride was no longer detected on a TLC plate (SiO 2 , DCM). At the conclusion of the reaction, the mixture was cooled to room temperature, poured into ice-cold aqueous 1 M HCl, and extracted several times with DCM. The combined organic layers were washed with 0.5 M NaOH and dried over Na 2 SO 4 , and the volatiles were removed under reduced pressure. The resulting red-brown solid was recrystallized in DCM, further purified with a series of cold DCM washes, and dried under reduced pressure, affording either compound (1) (burnt orange solid, 1.5 g, 4.9 mmol, 53% yield) or (2) (yellow solid, 1.9 g, 4.8 mmol, 50% yield). Slow evaporation of DCM solutions saturated with either (1) or (2) yielded single crystals suitable for X-ray diffraction.
NMR spectra were recorded on a Bruker 400 MHz spectrometer. Chemical shifts () are given in ppm and are referenced to tetramethylsilane (TMS) using the residual solvent ( 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . The hydrogen atoms of both compounds were refined using a riding model with C-H = 0.93 Å and U iso (H) = 1.2U eq (C). 
Funding information

Computing details
For both structures, data collection: CrysAlis PRO (Rigaku OD, 2015 ); cell refinement: CrysAlis PRO (Rigaku OD, 2015) ; data reduction: CrysAlis PRO (Rigaku OD, 2015) ; program(s) used to solve structure: SHELXT (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL (Sheldrick, 2015b) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) . Software used to prepare material for publication: Mercury (Macrae et al., 2008) for (1); OLEX2 (Dolomanov et al., 2009) for (2).
(2E)-1,4-Bis(4-chlorophenyl)but-2-ene-1,4-dione (1)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Extinction coefficient: 0.0047 (8)
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
C1-C2-C3-C4 −1.1 (3) C4-C5-C6-C1 −0.4 (3) C1-C7-C8-C8 i −178.2 (2) C6-C1-C2-C3 0.3 (3) C2-C1-C6-C5 0.5 (3) C6-C1-C7-C8 163.48 (18) C2-C1-C7-C8 −17.0 (3) C6-C1-C7-O1 −15.6 (3) C2-C1-C7-O1 163.9 (2) C7-C1-C2-C3 −179.24 (19) C2-C3-C4-C5 1.2 (3) C7-C1-C6-C5 −179.94 (19) C2-C3-C4-Cl1
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
